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ANTIBODY TO HUMAN INTERLEUKIN-6 RECEPTOR 



BACKGROUND OF THE INVENTION 



(1 ) Field of the Invention 

The present invention relates to antibodies 
which specifically bind to a human IL-6 receptor, 
and a process for the preparation thereof. 



(2) Description of the Related Art 

lnterleukin-6 (hereinafter abbreviated to "IL-6") 
is a protein having various important physiological 
activities and participating broadly in the prolifera- 
tion and differentiation of cells. Furthermore, it is 
reported that an abnormal production of IL-6 is 
possibly a factor causing various autoimmune dis- 
eases (see Kishimoto and Hirano, Ann. Rev. Im- 
munol., 6, page 485, 1988). 

IL-6 receptors on the cell membrane, which 
specifically bind to IL-6, were analyzed by Taga et 
al., and the number on each cell and binding 
constant to IL-6 were reported (see J. Exp. Med., 
196. page 967, 1987). Furthermore, the cDNA of 
human IL-6 receptor was isolated, and the primary 
structure thereof was reported by Yamazaki et al. 
(see Science, 241, page 825, 1988). IL-6 receptor 
which is prepared by a genetic engineering method 
based on these results, is expected to become a 
therapeutic or diagnostic agent for various immune 
diseases. 

For a mass production and homogeneous pu- 
rification of such IL-6 receptors, the development of 
an antibody to the IL-6 receptor as a means for 
promptly identifying the IL-6 receptor is required, 
but a monoclonal antibody capable of recognizing 
the IL-6 receptor has not been known. 



SUMMARY OF THE INVENTION 

Therefore, a primary object of the present in- 
vention is to provide various types of antibodies to 
IL-6 receptor. 

To attain this object, the present invention pro- 
vides antibodies to human interleukin-6 receptor, 
which is capable of binding specifically to a human 
interleukin-6 receptor. 

Furthermore, th present invention provides 
hybridoma producing a monoclonal antibody hav- 
ing the above-mentioned properties. 

Th present invention also provides a process 
for the preparation of the hybridoma, which com- 
prises immunizing a mammal with a human 



interleukin-6 receptor antigen, obtaining im- 
munocytes from the mammal, fusing the im- 
munocytes with myeloma cells, and cloning a 
hybridoma cell line capable of recognizing a hu- 

s man interleukin-6 receptor from the fused cells. 

The present invention further provides a pro- 
cess for the preparation of an antibody to a human 
interleukin-6 receptor, which comprises culturing 
the above-mentioned hybridoma and recovering a 

70 monoclonal antibody capable of recognizing a hu- 
man interleukin-6 receptor from the culture. 

The present invention also provides a process 
for the preparation of a polyclonal antibody to a 
human interleukin-6 receptor, which comprises im- 

75 munizing a mammal with a human interleukin-6 
receptor antigen and recovering a polyclonal anti- 
body capable of recognizing a human interleukin-6 
receptor from the immunized mammal. 

20 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 shows the reactivity of a T-cell line 
Jurkat in which the IL-6 receptor is not ex- 

25 pressed [curves (a) and (c)], or a Jurkat in which 
an IL-6 receptor cDNA-containing vector is intro- 
duced and the IL-6 receptor is durably ex- 
pressed [curves (b) and (d)], with the culture 
supernatant of MT18 [solid lines in curves (a) 

30 and (b)] or the culture supernatant of PM1 [solid 
lines in curves (c) and (d)]. The dotted lines 
show the results for the cells not treated with the 
culture supernatant; 

Fig. 2 shows the results obtained by solubilizing 

35 internally labelled U266 cells, effecting im- 
munoprecipitation with an MT18 monoclonal 
antibody (lane 1). PM1 monoclonal antibody 
(lane 2), rabbit immunoglobulin (lane 3) or anti- 
peptide polyclonal antibody of Example 3 (lane 

40 4), and subjecting same to SDS-polyacryiamide 
gel electrophoresis and auto-radiography; 
Fig. 3 is a graph showing the inhibiting effects of 
PM1 and MT18 antibodies on the binding of IL-6 
to the IL-6 receptor according to the procedure 

45 described in Example 4; 

Fig. 4 shows the results of a comparison of the 
bindings of the MT18 antibody [curve (a)] and 
PM1 antibody [curve (b)] to U266 cells in the 
presence (broken line) or absence (solid line) of 

so IL-6, and the dotted lines show the results for 
U266 cells treated with only IL-6; 
Fig. 5 shows the incorporation of tritium-labelled 
thymidine by KT3 cells cultured with various 
concentrations of IL-6, in the presenc or ab- 
sence of the culture supernatant of MT18 or 
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PM1; and 

Fig. 6 is a cell distribution diagram showing that 
the MT18 antibody binds only IL-6 receptor- 
producing cells. 

DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 

Antibodies of the present invention specifically 
recognize a human IL-6 receptor, and include mon- 
oclonal and polyclonal antibodies. The monoclonal 
antibodies include antibodies competitively inhibit- 
ing the binding of human IL-6 to a human IL-6 
receptor and antibodies not competitively inhibiting 
this binding. The former antibodies, include, for 
example, PM1 monoclonal antibody produced by 
the hybridoma PM1 of the present invention, and 
the latter antibodies include, for example, MT18 
monoclonal antibody produced by the hybridoma 
MT18. 

As an immunogen used for the preparation of 
the antibodies of the present invention, there can 
be mentioned animai cells having human IL-6 re- 
ceptors expressed on the surface thereof. Such 
animal cells include a human-derived eel! line pro- 
ducing human IL-6 receptor, for example, human 
myeloma cell line U266, and host cells transformed 
with DNA coding for human IL-6 receptor, for ex- 
ample, animal cell line such as mouse T-cells 
transformed with a plasmid comprising cDNA cod- 
ing for human IL-6 receptor. Nevertheless, these 
cell lines are not regarded as an effective antigen, 
because the quantity of the IL-6 receptor ex- 
pressed on the cell surface is small. 

Nevertheless, even though such an immunogen 
is used to produce an antibody, once an antibody 
to a human IL-6 receptor has been obtained, it is 
possible to prepare a more effective immunogen 
by using this antibody, and to prepare a variety of 
antibodies by using this immunogen. For example, 
an immunogen can be prepared by bonding an 
antibody to a human IL-6 receptor to an appro- 
priate solid carrier, cuituring cells producing a hu- 
man IL-6 receptor, for example, the above-men- 
tioned ceils and lysing the cells, and bringing the 
cell lysate into contact with the above-mentioned 
human IL-6 receptor antibody-bonded solid carrier 
to adsorb and concentrate the human IL-6 receptor 
in the cell lysate on the carrier. The kind of solid 
carrier is not particularly critical, as long as the 
solid carrier is capable of binding the antibody and 
preferably has no serious influence on the growth 
of an animal to be immunized. For example, a 
Sepharose-based solid carrier, as described in the 
Examples hereinafter, is preferably used as the 
solid carrier in the present invention, because the 
binding of the antibody to this carrier is a simple 
operation and there are no influences on the 



growth of an animal to be immunized. Alternatively, 
human IL-6 receptor can be prepared according to 
a genetic engineering process, for example, the 
process disclosed in the Japanese Patent Applica- 

5 tion 89-9776, and this receptor can be used as the 
immunogen. Still further, an immunogen prepared 
by forming a peptide comprising a part of a human 
IL-6 receptor and attaching this peptide to a poly- 
meric carrier for example a protein such as oval- 

70 bumin can be used. A vaccinia virus arranged so 
that human IL-6 receptor will be expressed after 
the infection also can be used as an immunogen. 
Any of these immunogens can be used as the 
immunogen for the preparation of a polyclonal anti- 

75 body and for the preparation of a hybridoma. 

The polyclonal antibody is prepared by im- 
munizing a mammal such as mouse, rabbit, sheep, 
goat or the like with any of the above-mentioned 
antigens, according to conventional procedures. 

20 Also, hybridoma can be prepared according to 

conventional procedures, for example, by immuniz- 
ing a mammal such as a mouse with any of the 
above-mentioned antigens, obtaining spleen cells 
from this animal, fusing the cells with established 

25 myeloma cells, and then cloning a hybridoma pro- 
ducing a monoclonal antibody having a desired 
reactivity. 

A monoclonal antibody is prepared by cuituring 
the cloned hybridoma and recovering the mon- 

30 oclonal antibody from the culture supernatant. Al- 
ternatively, a monoclonal antibody can be prepared 
by intraperitoneal^ infecting an animal with the 
above-mentioned hybridoma, collecting ascites 
from the animal, and isolating the monoclonal anti- 

35 body. The antibody in the hybridoma cell super- 
natant or the antibody in the ascites can be con- 
centrated according to a conventional procedure, 
for example, by salting-out with ammonium sulfate, 
and can be purified by an affinity chromatography, 

40 for example, an affinity chromatography on an IL-6 
receptor-immobillized carrier. 

All of the processes for the preparation of the 
monoclonal antibody, the preparation of the 
hybridoma, the preparation of the monoclonal anti- 

45 body, and the recovery and purification of the 
antibody can be carried out according to methods 
well-known in the art. 

The present invention will now be described in 
detail with reference to the following examples, that 

so by no means limit the scope of the invention. 



Example 1 (Preparation of mouse monoclonal anti- 
body to human IL-6 receptor) 

55 

For preparing a mouse monoclonal antibody to 
human IL-6 receptor, a mouse T-cell line having 
human IL-6 receptors expressed on the membrane 
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surface was prepared as an immunogen, according 
to the following process. Namely, pBSF2R.236 and 
pSV2neo disclosed in the Japanese Patent Ap- 
plication No. 89-9774 were introduced into mouse 
T-cells CTLL-2 (ATCC, TIB214) according to a con- 
ventional method, and the screening was carried 
out according to a conventional method using G- 
418. Finally, a cell line in which about 30,000 IL-6 
receptors per cell were expressed was established 
and named "CTBC3". 

Immunization was carried out in the following 
manner. Namely, CTBC3 was cultured by a con- 
ventional method using PRMI1640, washed with 
PBS buffer 4 times, and was intraperitoneally intro- 
duced to C57BL6 mouse in a quantity of 1 x 10 7 
cells per mouse once a week, six times as a whole. 

The spleen cells from the immunized mouse 
were fused with myeloma cells P3U1 as a parent 
ceil line, according to a conventional method using 
polyethylene glycol. 

The screening was carried out in the following 
manner. Namely, pBSF2R.236 and pSV2neo were 
introduced into human T-cells JURKAT (ATCC, 
CRL8163) negative to the IL-6 receptor, and after 
screening, a cell line in which about 100,000 IL-6 
receptors per cell were expressed was established 
and named "NJBC8". One clone of hybridoma 
producing an antibody which recognizes NJBC8 
solubilized with NP40 and does not recognize JUR- 
KAT solubilized with NP40, was isolated and this 
hybridoma was named "MT18". Furthermore, the 
monoclonal antibody produced by this hybridoma 
was named. "MT18 antibody". The above-men- 
tioned hybridoma MT18 was deposited at the Fer- 
mentation Research Institute (FRI) Agency of In- 
dustrial Science and Technology 1-3 Yatabe-cho 
Higashi 1-chome Ibaraki Japan as FERM P-10840 
on July 12, 1989, and transferred to an international 
deposition under the Budapest Treaty as FERM 
BP-2999 on July 10, 1990. The data of Fig. 6 
shows that the MT18 antibody specifically recog- 
nizes the* IL-6 receptor. In Fig. 6, curve A shows 
the distribution of fluorescein-stained cells, when 
JURKAT cells are stained with the MT18 antibody 
labelled with fluorescein isocyanate, and curve B 
shows the result when the above-mentioned 
NJBC8 cell is similarly treated. 



Example 2 (Preparation of monoclonal antibody to 
IL-6 recepTor) 

For preparing a mouse monoclonal antibody to 
IL-6 receptor, human IL-6 receptors were extracted 
as an immunogen in the following manner. 

Namely, 3 x 10 9 human myeloma cells of cell 
line U266 (IL-6 receptor-producing cells) were 
solubilized with 1 ml of 1% dlgitonin (supplied by 



Wako Junyaku). 10mM triethanolamine buffer (pH 
7.4), 0.15 M NaCI and 1 mM PMSF (supplied by 
Wako Junyaku). On the other hand, MT18 antibody 
(Example 1), i.e., an antibody to IL-6 receptor, was 
s attached to Sepharose 4B (supplied by Pharmacia) 
according to a conventional manner. The antibody- 
bonded carrier was mixed with a supernatant of the 
solubilized cells to bond the solubilized IL-6-recep- 
tor to the MT18 antibody on the carrier Non-specifi- 
io cally bonded product was washed off with the 
above-mentioned 1% digitonin solution, and the IL- 
6 receptor bonded to the Sepharose 4B through 
the MT18 antibody was used as an immunogen for 
one immunization. 
is The immunization and the preparation of 

hybridoma were carried out in the following man- 
ner. A Balb/c mouse was immunized in- 
traperitoneally with the above-mentioned im- 
munogen four times, once a week. The spleen ceils 
20 from the mouse were fused with myeloma cells 
P3U1 as a parent cell line, according to a conven- 
tional process using polyethylene glycol. 

The screening was carried out in the following 
manner. First, a culture supernatant of the 
25 hybridoma was mixed with Protein G-Sepharose 
resin (supplied by Pharmacia), whereby im- 
munoglobulin in the supernatant was adsorbed to 
the resin. On the other hand, 10 7 U266 cells inter- 
nally labelled with 3S S-methionine were solubilized, 
30 and then, the IL-6-receptor was affinity-purified on 
the above-mentioned MT18 antibody-bonded 
Sepharose 4B described above, immunoprecipited 
with the above-mentioned Protein G-Sepharose, 
and analyzed by SDS/PAGE. As a result, one clone 
35 of hybridoma producing an antibody which specifi- 
cally binds to IL-6 receptor was isolated and 
named "PM1". The monoclonal antibody produced 
by this hybridoma was named "PM1 antibody". 
The hybridoma PM1 was deposited at the Fer- 
40 mentation Research Institute (FRI) of Agency of 
Industrial Science and Technology in Japan as 
FERM-P 10839 on July 12, 1989, and transferred 
to an international deposition under the Budapest 
Treaty as FERM BP-2998 on July 10, 1990. 
45 The reactivities of the monoclonal antibodies 

PM1 and MT18 with the IL-6 receptor are shown in 
Fig. 1. Namely, the T-cell line Jurkat in which the 
IL-6 receptor was not expressed [curves (a) and (c) 
in Fig. 1] and the cell line Jukat in which cDNA of 
so the IL-6 receptor has been introduced and the IL-6- 
receptor was durably expressed (curves (b) and 
(d)), were separately reacted with a culture super- 
natant of MT18 [solid lines in curves (a) and (b) in 
Fig. 1] or of PM1 [solid lines in curves (c) and (d)]. 
55 The reaction products were reacted with a goat 
anti-mouse antibody conjugated to a fluorescence 
dye, and the distribution of the fluorescein-stained 
cells relative to the fluorescein intensity was exam- 
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ined. For comparison, the results obtained from 
corresponding cells treated with neither the culture 
supernatant of MT18 or PM1, are indicated by 
dotted lines in boxes (a), (b), (c) and (d) in Fig. 1. 

From these results, it was confirmed that each 
of the PM1 and MT18 antibodies can be bonded to 
the lL-6 receptor. 



Example 3 (Preparation of polyclonal antibody to 
IL-6 receptor) 

For preparing a polyclonal antibody to IL-6 
receptor, a peptide: KTSMHPPYSLGQLVPC (K re- 
presents lysine, T represents threonine, S repre- 
sents serine, M represents methionine, H repre- 
sents histidine. F represents phenylalanine, P re- 
presents proline, Y represents tyrosine, L repre- 
sents leucine, G represents glycine, Q represents 
glutamine, V represents valine, and C represents 
cysteine residue) in which a cystein residue is 
added to a peptide corresponding to a part of the 
intracellular region of an IL-6 receptor was syn- 
thesized according to a conventional method. 

This synthetic peptide was attached to oval- 
bumin according to the process of T. Hirano et al 
(Proc. Natl. Acad. Sci. USA, 84, page 228. 1987). A 
rabbit was immunized with 0.2 mg of the product 5 
times once a week. The whole serum was collected 
from the rabbit and subjected to affinity purification 
on a synthetic peptide-bounded Sepharose 4B. 

The data shown in Fig. 2 indicates that the 
prepared polyclonal antibody can specifically rec- 
ognize the IL-6 receptor. Namely, internally labelled 
U266 cells (IL-6 receptor-producing cells) were 
solubiiized with a detergent, and the obtained cell 
lysate was immunoprecipitated with the MT18 anti- 
body (lane 1), the PN1 antibody (lane 2), rabbit 
immunoglobulin (lane 3) or the anti-peptide poly- 
clonal antibody prepared in Example 3 (lane 4) and 
then subjected to SDS-polyacrylamide gel elec- 
trophoresis and autoradiography. As a result, it was 
confirmed that each of the MT18 monoclonal anti- 
body, the PM1 monoclonal antibody and the anti- 
peptide polyclonal antibody specifically recognized 
the IL-6 receptor. 



Example 4 (Competitive inhibition of binding of IL-6 
to IL-6 receptor by PM1 antibody) 

Labelling of IL-6 and identification of binding of 
IL-6 to an IL-6 receptor on cell were carried out 
according to the method of T. Taga et al. (see J. 
Exp. Med., 166, page 967, 1987). 125 HL-6 (14,000 
cpm) was reacted with 4 x 10 s of U266 cells (IL-6 
receptor-producing cells) at room temperature for 
60 minutes. This reaction was carried out in the 



presence of unlabelled IL-6 in 100-fold excess of 
the number of molecules, the culture supernatant 
of MT18 (70% by volume) or the culture super- 
natant of PM1 (70% by volume). The cells were 
5 overlaid on FCS, centrifuged, and the radioactivity 
of the cells was measured. For comparison, a cul- 
ture medium not inoculated with the cells was 
similarly treated. 

The data of Fig. 3 indicates that the MT18 

io antibody does not competitively inhibit the binding 
of IL-6 to the IL-6 receptor while the PM1 antibody 
competitively inhibits this binding. 

Similar results are also shown in Fig. 4. In Fig. 
4. curve (a) shows the distribution of the number of 

75 cells relative to the fluorescence intensity, in which 
U266 cells were reacted with the culture super- 
natant of MT18 in the presence (broken line) or 
absence (solid line) of IL-6 and then stained with 
fluorescence-labelled anti-mouse immunoglobulin; 

20 and curve (b) shows the results when U266 cells 
were reacted with the culture supernatant of PM1 
in the presence (broken line) or absence (solid line) 
of IL-6 and treated in the same manner as curve 
(a). It is seen that the MT18 antibody was bonded 

25 to the U266 cells whether in the presence of IL-6 or 
not. while the PM1 antibody was bonded to the 
U266 cells in the absence of IL-6 but not bonded to 
the U266 cells in the presence of an excess of IL-6. 
Accordingly, it is confirmed that the PM1 antibody 

30 is competitive with iL-6. 



Example 5 (Confirmation of inhibition of biological 



35 



activities of IL-6 by PM1 antibody) 



IL-6-dependent human T-cell leukemia iin KT3 
was cultured according to the process of S. 
Shimizu et al. (see Blood, 72, page 1826, 1988), 
and IL-6 was added at various concentrations in the 

40 presence or absence of 25% by volume of the 
culture supernatant of the hybridoma PM1. Cultur- 
ing was conducted in a commercially available 96- 
well plate. The cell number was 5 x 10 3 per 100 lit 
in each well. After 60 hours, 0.75 uCi of tritium- 

45 labelled thymidine per well was added, and after 6 
hours, the cells were collected and the incorpo- 
rated radioactivity was measured. 

Data of Fig. 5 indicates that the MT18 antibody 
does not inhibit the biological activities of IL-6 while 

so the PM1 antibody inhibits the biological activities of 
IL-6. 

The polyclonal and monoclonal antibodies rec- 
ognizing specifically IL-6 receptor, provided by the 
present invention, are useful for producing and 
65 purifying large quantities of various proteins having 
an IL-6 receptor activity which are expected as 
diagnostic or therapeutic agents. 

Furthermore, the antibody provided by the 
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present invention make it possible to analyze var- 
ious properties of IL-6 receptor which is produced 
only in a very small amount in the natural state. 
This is very significant for an investigation of on- 
togenesis and immune mechanisms, and for a de- 
velopment of therapeutic and diagnostic agents 
based on the results thereof. 

Moreover, it is considered that the antibody 
inhibiting biological activities of IL-6, provided by 
the present invention, will be applied to the devel- 
opment of therapeutic agents for various autoim- 
mune diseases assumed to be caused by an ab- 
normal production of IL-6. 



Example 6 (Preparation of monoclonal antibody to 
a portion of IL-6 receptor) 

Balb/c mouse was intraperitonealy immunized 
with the antigen used in Example 3, i.e., a synthetic 
peptide KTSMHPPYSLGQLVPC conjugated with 
ovalbumin, four times once a week. Next, the 
spleen cells from the mouse were fused with 
myeloma cells using polyethylene glycol according 
to a conventional process. 

The screening was carried out in the following 
manner. First, a culture supernatant of the 
hybridoma was mixed with Protein G-Sepharose 
resin (Pharmacia), whereby immunoglobulin in the 
supernatant was adsorbed to the resin. On the 
other hand, 10 7 U266 cells internally labelled with 
35 S-methionine were solubilized. immunoprecipitat- 
ed with the above-mentioned Protein G-Sepharose, 
and analyzed by SDS/PAGE. As a result, a band of 
IL-6 receptor was detected. On the other hand, 
when the antigen peptide (KTSMHPPYSLGQLVPC) 
was added during the immunoprecipitation, no 
band was detected. As a result, one clone of 
hybridoma which produces an monoclonal antibody 
specifically recognizing a portion of intracellular 
region of IL-6 receptor was isolated. 



Claims 

1. An antibody to human interleukin-6 receptor, 
which is capable of binding specifically to a human 
interleukin-6 receptor. 

2. An antibody as set forth in claim 1. which is a 
monoclonal antibody. 

3. An antibody as set forth in claim 2, which is 
competitive with human interleukin-6 for the bind- 
ing to a human interleukin-6 receptor. 

4. An antibody as set forth in claim 3, which is PM1 
antibody. 

5. An antibody as set forth in claim 2, which is not 
competitive with human interleukin-6 for the bind- 
ing to a human interleukin-6 receptor. 
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6. An antibody as set forth in claim 5, which is 
MT18 antibody. 

7. An antibody as set forth in claim 1. which is a 
polyclonal antibody. 

5 8. An antibody as set forth in any of claims 1 
through 7, which recognizes a part of a human 
interleukin-6 receptor represented by (N-terminal) 
KTSMHPPYSLGQLVP (C-terminal) in which the al- 
phabetic letters mean amino acids according to the 

io one-letter method. 

9. A hybridoma producing a monoclonal antibody 
as set forth in claim 2. 

10. A process for the preparation of hybridoma, 
which comprises immunizing a mammal with a 

75 human interleukin-6 receptor antigen, obtaining im- 
munocytes from the mammal, fusing the im- 
munocytes with myeloma cells and cloning a 
hybridoma capable of recognizing a human 
interleukin-6 receptor from the fused cells. 

20 11. A process according to claim 10, wherein the 
human interleukin-6 receptor antigen is human 
interleukin-6 receptor bound to a solid carrier. 
12. A process for the preparation of anti-human 
interleukin-6 receptor antibody, which comprises 

25 culturing a hybridoma as set forth in claim 9 or a 
hybridoma prepared according to a process as set 
forth in claim 10 or 11, and recovering a mon- 
oclonal antibody capable of recognizing a human 
interleukin-6 receptor from the culture. 

30 13. A process for the preparation of anti-human 
interleukin-6 receptor polyclonal antibody, which 
comprises immunizing a mammal with a human 
interleukin-6 receptor antigen and recovering a 
polyclonal antibody capable of recognizing a hu- 

35 man interleukin-6 receptor from the immunized ani- 
mal. 

14. A process according to claim 13, wherein the 
human interleukin-6 receptor antigen is a complex 
comprising a peptide having a sequence repre- 

40 sented by (N-terminal) KTSMHPPYSLGQLVP (C- 
terminal) in which the alphabetic letters mean ami- 
no acids according to the one-letter expressing 
method, conjugated to a polymeric carrier. 

15. Human interleukin-6 receptor antigen which is a 
45 complex comprising a peptide having a sequence 

represented by (N-terminal) KTSMHPPYSLGQLVP 
(C-terminal) in which the alphabetic letters mean 
amino acids according to the one letter method, 
conjugated to a polymeric carrier. 
so 16. A peptide having a sequence represented by 
KTSMHPPYSLGQLVPC in which the alphabetic let- 
ters mean amino acids according to the one letter 
method. 

55 
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